The pectoralis major (PM) is a complex, multipennate muscle of the anterior shoulder girdle that is responsible for adduction, internal rotation, and flexion of the humerus.[@bib1]^,^[@bib8]^,^[@bib39] The musculotendinous anatomy is composed of 2 divisions---an anterior clavicular division and a posterior sternal-abdominal division that coalesce to form a bilaminar tendon before inserting onto the humerus.[@bib10] Tears of the PM tendon occur predominantly in young active men (between 20 and 40 years of age) following indirect trauma when a maximal force is applied, typically when the PM is eccentrically contracting.[@bib5]^,^[@bib8]^,^[@bib24]

Surgical repair of PM tendon tears remains an effective treatment option in young, active adults with a high rate of return to sport and work[@bib40]; however, a recent report has demonstrated that only 50% of patients are able to return to the same preoperative intensity of sport.[@bib26] Several accepted methods for fixation of the avulsed tendon to its humeral insertion exist.[@bib11] Intraoperative identification of the normal PM anatomic footprint (ie, superior-to-inferior dimension) can be challenging to identify in both the acute and chronic settings. Only 2 studies to date have reported on nearby landmarks that can be used intraoperatively to achieve anatomic repair of the PM tendon[@bib3]^,^[@bib6]; however, concern remains regarding patient-to-patient variability and intraoperative accessibility of such bony and soft tissue reference points in the anterior shoulder during open repair and reconstruction of the PM tendon.

The purpose of this study was to revisit the anatomic footprint (ie, superior-to-inferior dimension) of the pectoralis major tendon on the humerus and to determine which nearby anatomic landmarks (soft tissue and/or bony) can be used with the least amount of variability to determine the upper margin of the normal PM footprint during anatomic repair or reconstruction. We also aimed to determine if there was a relationship between patient height and PM tendon insertional anatomy (ie, width). We hypothesized that the latissimus dorsi tendon insertion on the humerus would not be a consistent reference point for establishing the correct upper margin of the pectoralis major tendon footprint based on clinical experience of open shoulder surgery. We also hypothesized that there would be a linear relationship between footprint width and patient height. The secondary objective of this study was to review the existing literature and summarize the dimensions of the PM tendon and anatomic relationships of the PM insertion to nearby musculoskeletal and neurovascular structures.

Materials and methods {#sec1}
=====================

Specimen preparation {#sec1.1}
--------------------

Twenty-two fresh-frozen upper extremity cadaveric specimens were dissected after approval by the institutional review board. Six specimens were paired (12 shoulders). One specimen was found to have a previous humeral shaft fracture at the level of the deltoid insertion; this specimen was excluded from the analysis, resulting in 21 shoulders for final analysis. Specimens were obtained from and dissections performed at the institution's Advanced Technical Skills Simulation Laboratory; all specimens were free of surgical dissection in the anatomic area(s) of interest. Each specimen was thawed to room temperature before dissection. Surgical exposure of the PM muscle and tendon and nearby anatomic structures was performed via a standard deltopectoral approach. The position of the humerus relative to the scapula (ie, axial, sagittal, and coronal planes) did not affect the measurements as none of the final measurements taken on the humerus were referenced to the scapula. Study conceptualization and initial methodology was designed by one investigator (A.J.B.) and final methodology was agreed on by both investigators (A.J.B., I.K.Y.L.) prior to starting anatomic dissections. All anatomic dissections (including measurements and digital photographs) were performed by one of the study investigators (A.J.B.).

Data collection {#sec1.2}
---------------

The tendons of the PM, anterior deltoid (AD), and latissimus dorsi (LD) were identified and sharply dissected down to their respective bony insertion on the humerus. The long-head biceps tendon was carefully removed from the bicipital groove, while preserving the tendinous attachments of the LD and PM. The presence of the falciform ligament was variable between specimens and was excluded from measurements (ie, excised before measurements performed). When present, this ligament represents a fibrous expansion of the PM that extends in a superior-oblique orientation along the lateral aspect of the bicipital groove and can easily be differentiated from the thick tendinous insertion of the PM directed perpendicular to the humerus ([Fig. 1](#fig1){ref-type="fig"}). The width (ie, superior-to-inferior) dimension of the PM tendon insertion on the humerus was first identified and measured; meticulous dissection was required adjacent to the proximal and distal PM insertion due to the intricate relationship with the adjacent LD and AD, respectively ([Fig. 2](#fig2){ref-type="fig"}). Next, the superior aspect of the LD and AD were identified. A line perpendicular to the axis of the humerus intersecting the superior margin of the LD and AD was marked as previously described.[@bib6] The relationship between the superior aspect of the PM insertion and that of the LD and AD was measured ([Fig. 3](#fig3){ref-type="fig"}). The relationship between the superior margin of the PM tendon and lower border of the lesser tuberosity (LT) and to the tip of the coracoid process were assessed as potential useful bony landmarks (ie, consistent reference points) for assisting anatomic repair of the PM tendon. All measurements were performed using digital calipers and recorded in millimeters (Absolute Digimatic Caliper Series 500; Mitutoyo, Aurora, IL, USA). The measurements were performed twice, and the average of the 2 measurements used as the final measurement.Figure 1The falciform ligament is demonstrated in 2 different left shoulder specimens (►). (**A**) The pectoralis major tendon (PM) can be differentiated from the falciform ligament as a thick tendinous expansion spanning in the transverse plane to the humeral footprint (→). (**B**) The superior-oblique orientation of the falciform ligament is visualized and easily differentiated from the PM. The intimate relationship with the transverse humeral ligament (THL) and bicipital tunnel is appreciated.Figure 2Relationship between the pectoralis major (PM), latissimus dorsi (LD), and anterior deltoid tendons. (**A**) Left shoulder specimen demonstrating one of the few examples encountered of a clearly defined bilaminar PM tendon, represented by the anterior (PM-ant) and posterior (PM-post) laminae. The posterior lamina is observed extending in an oblique fashion to the humeral insertion; a less well-defined falciform ligament is observed immediately superior to its upper margin. This was also one of the few examples demonstrating the close relationship of the superior aspect of both the PM and LD tendons inserting onto the humerus. (**B**) A different left shoulder specimen demonstrating the broad PM tendon footprint on the humerus. The superior-oblique falciform ligament is present extending above the upper border of the PM (→).Figure 3Measurements obtained from a left shoulder specimen between the pectoralis major tendon (PM) and the anterior deltoid (**A**) and the latissimus dorsi (LD) tendons (**B**).

For the secondary objective of the study, a literature search was conducted using the MEDLINE database. All relevant clinical and basic science studies in the English language were reviewed and considered for inclusion. Studies were included if clear descriptions of the PM footprint were provided and/or if the anatomic relationship between the PM insertion and nearby musculoskeletal and neurovascular structures was described. Studies were excluded if they met the following criteria: (1) imaging studies of the pectoralis major tendon insertion without anatomic correlation; (2) reviews, expert opinions, and technique articles without anatomic data; and (3) conference abstracts and gray literature. The reference lists of all included studies were cross-referenced to capture additional studies missed by the initial literature search.

Data analysis {#sec1.3}
-------------

For the purpose of statistical analysis, each matched pair was considered an independent specimen. Descriptive statistical analysis was performed to include mean, range, and standard deviation. The relationship between donor height (in inches) and tendon width (mm) was summarized in a scatterplot, as well as with Pearson correlations. Because of the small number of paired specimens (n=6), statistical analysis was not performed to assess for side-to-side differences in PM dimensions. Previous studies reporting the PM insertional anatomy and the relationships to nearby musculoskeletal and neurovascular structures were summarized in table format. When possible, values were calculated as weighted means.

Results {#sec2}
=======

The dissections were carried out on 11 male and 4 female cadavers with an average age of 75.8 years (range, 54-94 years). There were 8 right and 13 left shoulder specimens. The mean proximal-to-distal width of the PM tendon (ie, at the humeral insertion) was 68.8 ± 4.4 mm. The mean distance from the superior margin of the LD insertion to the superior aspect of the PM tendon insertion was 9.4 ± 5.9 mm. The mean distance between the superior margin of the AD insertion to the superior aspect of the PM tendon insertion was 48.4 ± 7.1 mm ([Table I](#tbl1){ref-type="table"}, [Fig. 4](#fig4){ref-type="fig"}).Table IPectoralis major tendon measurements and relationshipsVariableNMean ± SDMinimumMaximumDonor height (*ht*), in.2167.2 ± 3.85972Footprint width (*w*), mm2168.8 ± 4.461.377.0Distance to anterior deltoid insertion (*ad*), mm2148.4 ± 7.131.257.2Distance to latissimus dorsi insertion (*ld*), mm219.4 ± 5.9018.8[^1]Figure 4Illustration summarizing the mean (range) pectoralis tendon width and measurements between the pectoralis major, latissimus dorsi, and anterior deltoid tendons.

Bony landmarks that may be identified during open repair or reconstruction of the PM tendon were assessed in the suprapectoral region, including the LT and tip of the coracoid process. The geometry of the lesser tuberosity made it challenging to identify one consistent region of the LT to use as a reference point (ie, central apex or lower border of the LT), likely a result of the overlying thick tendinous and muscular portions of the subscapularis inserting onto the LT. The coracoid process was similarly found to be an unreliable bony landmark based on the position of the scapula relative to the humerus and the foreseeable difficulty in reproducing this position in the laboratory setting and intraoperatively.

During the assessment of nearby bony landmarks, it became apparent that the superior thick tendinous insertion of the PM tendon attached onto a bony prominence in nearly all specimens ([Figs. 5](#fig5){ref-type="fig"} and [6](#fig6){ref-type="fig"}). The dimensions of this prominence were not formally measured. Although the anterior-to-posterior (ie, height) dimension of this prominence seemed variable between specimens, it could be palpated with a gloved finger while the tendinous attachment was intact in nearly all specimens. In a smaller number of specimens, this prominence represented the most superior aspect of a bony ridge that extended inferiorly, nearly the entire width of the PM tendon insertional footprint, analogous to the deltoid tuberosity ([Fig. 6](#fig6){ref-type="fig"}); this ridge is often referred to as the lateral lip of the bicipital groove. We have referred to the former bony prominence as the pectoral eminence and the bony ridge extending below this eminence as the pectoral tuberosity; to our knowledge, this eminence has not been previously described in the literature.Figure 5(**A**) Left shoulder specimen demonstrating the relationship between the pectoralis major and latissimus dorsi (LD) tendons. The pectoral eminence is clearly demonstrated (→). (**B**) Superior aspect of pectoralis major tendon held in forceps adjacent to pectoral eminence.Figure 6(**A**) Left shoulder specimen demonstrating the pectoral eminence (→). (**B**) A different left shoulder specimen revealing the relationship between the pectoralis major (PM), latissimus dorsi (LD), and anterior deltoid (**D**) tendons. Above the anterior deltoid tendon insertion on the humerus, the PM tendon is shown inserting into a visible and palpable bony ridge along the lateral lip of the bicipital groove (ie, pectoral tuberosity), continuous with the pectoral eminence at the most superior PM tendon insertion (→).

The relationship between donor height and PM tendon width demonstrated no discernible relationship, with a correlation of 0.13 (*P* value .58). In addition, a simple linear regression confirmed these findings (coefficient 0.14, *P* value .58). In summary, a relationship between these 2 variables did not appear evident; however, with only 15 unique patient proportions for analysis (ie, 6 matched pairs used within the sample of 21 specimens), this relationship likely represents a trend and requires further investigation.

Pectoralis major tendon dimensions previously reported in the literature are summarized in [Table II](#tbl2){ref-type="table"}. The mean (ie, weighted mean) PM tendon width (ie, superior-to-inferior) was 6.25 cm,[@bib2], [@bib20], [@bib21], [@bib22], [@bib25], [@bib28], [@bib3], [@bib31], [@bib39], [@bib4]^,^[@bib6]^,^[@bib9]^,^[@bib10]^,^[@bib12]^,^[@bib16], [@bib17], [@bib18]^,^[@bib20], [@bib21], [@bib22]^,^[@bib25]^,^[@bib28]^,^[@bib31]^,^[@bib39] mean tendon length (ie, medial-to-lateral) was 2.22 cm,[@bib2]^,^[@bib9]^,^[@bib10]^,^[@bib18]^,^[@bib21]^,^[@bib25]^,^[@bib39] and mean tendon thickness (ie, anterior-to-posterior) was 0.16 cm ([Table II](#tbl2){ref-type="table"}).[@bib3]^,^[@bib4]^,^[@bib6]^,^[@bib10]^,^[@bib18] The anatomic relationships between the PM tendon insertion and nearby anatomic structures (ie, musculoskeletal and neurovascular) are summarized in [Tables III](#tbl3){ref-type="table"} and [IV](#tbl4){ref-type="table"}.Table IISummary of pectoralis major tendon dimensions previously reported in the literatureStudyNo.Age (range)M/FR/LMethod of measurementTendon width (superior-to-inferior), cmTendon length (medial-to-lateral), cmTendon thickness (anterior-to-posterior), cmInsertional surface area, mm^2^Ashley (1952)[@bib2]60---------------0.6-1.9------Chaffaï and Mansat (1988)[@bib4]7------------4.4 ±0.3 (4.1-4.9)[∗](#tbl2fnlowast){ref-type="table-fn"}---0.1-0.2[†](#tbl2fndagger){ref-type="table-fn"}---Kretzler and Richardson (1989)[@bib21]------------------1.0 (AL)\
2.5 (PL)------Wolfe et al (1992)[@bib39]260 (58-63)2:0------5.00.5------Lee et al (2000)[@bib25]6---1:23:3MRI correlation5.0 (4-6)1.0 (0.5-1.5)------Klepps et al (2001)[@bib20]2064 (48- 82)5:510:10Ruler5.7 ±0.5 (4.8-6.6)[†](#tbl2fndagger){ref-type="table-fn"}---------Jennings et al (2007)[@bib18]2154 (19-96)11:10---Calipers4.7 (2.4-6.3) (AL)\
4.3 (2.4-6.4) (PL)1.5 (0.9-2.2) (AL)\
3.7 (2.3-5.1) (PL)0.1 (0.1-0.2) (AL)\
0.1 (0.1-0.2) (PL)Fung et al (2009)[@bib10]1178 (54-98)6:5---3D digital modeling6.6 ±1.1 (5.2-8.2) (AL)\
7.7 ±1.4 (6.5-9.7) (PL)5.4 ±0.6 (AL)\
5.4 ±0.7 (PL)0.2 ±0.05 (0.1-0.3) (AL)\
0.2 ±0.03 (0.2-0.3) (PL)---Carey and Owens (2010)[@bib3]12------6:6Digital calipers7.2 ±1.2 (5.1-8.7)---0.1 ±0.02 (0.1-0.2)---Jarrett et al (2011)[@bib17]1284 (69-98)3:910:2Ruler5.3 (5.0-5.7)[†](#tbl2fndagger){ref-type="table-fn"}---------Figueiredo et al (2013)[@bib9]2065.4 (51-75)5:510:10Calipers8.8 ±7.1 (7.0-9.0)0.6 ±0.07 (0.5-0.7)------LaFrance et al (2013)[@bib22]1067 (43-88)9:1---Digital calipers7.7 ±1.2---------Nossov et al (2016)[@bib31]2076.9 (61-93)15:59:11Ruler5.4---------Moatshe et al (2018)[@bib28]1052 (33-64)5:55:5Coordinate measuring device4.6 (3.7-5.4)[†](#tbl2fndagger){ref-type="table-fn"}------148.4 (126.9-169.8)[†](#tbl2fndagger){ref-type="table-fn"}Dannenbaum et al (2018)[@bib6]1260 ± 77:5---Ruler7.3 ±1.0 (6.0-9.5)---0.3 ±0.05 cm (0.25-0.4)---Haladaj et al (2019)[@bib12]8069.3 (48-90)22:1840:40Digital calipers6.5 ±1.0 (4.4-8.3)---------Jagiasi et al (2019)[@bib16]1050 (40-60)5:05:5Calipers4.6 ±0.5 (4.2-5.6)---------[^2][^3][^4]Table IIISummary of previously reported anatomic relationships (musculoskeletal) with the pectoralis major tendonAnatomic landmarkStudyNo. of specimensMethod of measurementReferenced to superior PMT insertion on humerus, cmBony structures Superior humeral headMurachovsky et al (2006)[@bib29]40Calipers5.6 ± 0.5 (5.0-7.0) above PMTTorrens et al (2008)[@bib38]20CT correlation5.6 (5.3-6.0) above PMTHasan et al (2009)[@bib13]38Digital calipers5.8 ± 0.6 above PMTPonce et al (2013)[@bib32]22Calipers5.6 ± 0.5 (4.3-6.2) above PMTFigueiredo et al (2013)[@bib9]20Calipers5.9 ± 0.3 (5.5-6.4) above PMT Articular margin of HHDannenbaum et al (2018)[@bib6]12Surgical ruler4.1 ± 0.9 above PMT Greater tuberosity[∗](#tbl3fnlowast){ref-type="table-fn"}Carey and Owens (2010)[@bib3]12Digital calipers4.2 ± 0.9 (3.1-5.0) above PMTHaladaj et al (2019)[@bib12]80Digital calipers5.2 ± 0.8 (3.8-6.5) above PMTJagiasi et al (2019)[@bib16]10Calipers4.9 ± 0.4 (43-55) above PMT Center of greater tuberosity to center of PMTMoatshe et al (2018)[@bib28]10Coordinate measuring device6.1 (95% CI, 5.6-6.6) above PMT Center of lesser tuberosity to center of PMTMoatshe et al (2018)[@bib28]10Coordinate measuring device6.2 (95% CI, 5.5-6.8) above PMT Lateral epicondyle of the distal humerusHasan et al (2009)[@bib13]38Digital caliper24.9 ± 1.8 below PMTMuscle-tendon structures Origin of LHB tendonHussain et al (2015)[@bib15]43Ruler8.1 ± 1.0 (6.3-10.4) above the PMT MTJ of LHB tendonJarrett et al (2011)[@bib17]12---2.2 (95% CI, 1.2-3.1) below PMTDenard et al (2012)[@bib7]21Digital calipers2.5 below PMTLaFrance et al (2013)[@bib22]10Digital calipers3.2 ± 1.4 below PMT Superior LD tendon insertionDannenbaum et al (2018)[@bib6]12Surgical ruler\<1 mm proximal or distal to PMT Center of LD insertion to center of PMTMoatshe et al (2018)[@bib28]10Coordinate measuring device1.8 (95% CI, 1.2-2.3) above PMT Anterior deltoid insertionKlepps et al (2004)[@bib19]36Ruler4.7 below PMT Center of deltoid insertion to center of PMTMoatshe et al (2018)[@bib28]10Coordinate measuring device4.4 below PMT (95% CI, 3.8-5.0)[^5][^6]Table IVSummary of previously reported anatomic relationships (neurovascular) with the pectoralis major muscle and tendonAnatomic landmarkStudyNo. of specimensMethod of measurementReferenced to superior PMT insertion on humerus, cmNeural structures Pectoral nervesKlepps et al (2001)[@bib20]20RulerMPN:\
• 11.9 ± 2.0 (95% CI, 8.6-15.3) from the lateral humeral insertion\
• 2.6 ± 0.8 (95% CI, 1.2-2.8) from the inferior border of the PMT\
LPN:\
• 12.5 ± 1.8 (95% CI, 9.5-15.5) from the lateral humeral insertionMacchi et al (2007)[@bib27]16CalipersMPN:\
• Pierces through the pectoralis minor 10.3 ± 1.9 from the margin of the sternum, close to the midclavicular line at the level of the third intercostal spaceJennings et al (2007)[@bib18]21CalipersMPN:\
• Enters the inferior sternal segment 1.4 (0.9-1.8) distal to the segmental split, 9.3 (8.6-9.9) from the humeral PMT insertionSefa Özel et al (2011)[∗](#tbl4fnlowast){ref-type="table-fn"}^,^[@bib35]20RulerLPN:\
• Point where the NV bundle enters the PM muscle: intersection of 2 lines crossing 2.8 ± 0.3 (2.5-3.5) inferior to the medial one-third clavicle and 8.1 ± 1.1 (7.0-11.0) lateral to the midsternal linePrasad and Kuppasad (2014)[@bib34]50CalipersMPN:\
• Pierces the deep surface of the PM muscle 10.1 ± 0.4 (8.8-10.8) from the lateral margin of the sternum\
LPN:\
• Pierces the deep surface of the PM muscle 8.6 ± 1.0 (5.8-10.2) from the lateral margin of the sternum Axillary nerve (anterior Br.)Lancaster et al (2014)[@bib23]12CT correlation0.2 ± 0.3 (95% CI, 0-0.4) "vertical distance" to the PMTShiu et al (2017)[@bib36]30Digital calipers0.3 (range, 0-0.8 mm) below the PMTMoatshe et al (2018)[†](#tbl4fndagger){ref-type="table-fn"}^,^[@bib28]10Coordinate measuring device0.9 (95% CI, 0.5-1.4)Vascular structures Lateral thoracic arteryJennings et al (2007)[@bib18]21CalipersEnters the inferior sternal segment distal to the segmental split at 8.5 (7.0-10.4) from the humeral PMT insertion Posterior circumflex humeral arterySmith et al (2016)[@bib37]100 patients (clinical study)Sterile ruler• 0.5 ± 0.3 (range, 0-1.2) below the PMT in 30% of cases\
"above the PMT insertion" in 45% of cases Vascular Br. of anterior humeral circumflex vesselsNeviaser et al (2018)[@bib30]11Digital calipers1.5 ± 0.4 above the PMT[^7][^8][^9]

Discussion {#sec3}
==========

The purpose of this anatomic study was to identify reliable soft tissue and bony landmarks for re-creating the footprint of the pectoralis major tendon during open anatomic repair or reconstruction, following full-thickness (partial- and full-width) acute and chronic tears. Our results demonstrate that, on average, the PM tendon footprint width is approximately 7 cm and is 5 cm above the anterior deltoid and 1 cm below the latissimus dorsi tendon insertions. We have identified a consistent bony eminence at the superior margin of the PM tendon insertion. Both the soft tissue and bony landmarks described in this study can be used to estimate the superior margin of the anatomic footprint of the PM tendon during repair or reconstruction.

In 2012, a systematic review of 365 reported cases of PM injury revealed that 45.2% (165 of 365 cases) occurred at the tendon insertion; 113 (68.5%) of such injuries were complete (ie, involving both the clavicular and sternal heads).[@bib8] When this tear pattern is encountered in both the acute and chronic settings, reconstituting the proper length-tension relationship of the PM requires reinsertion of the tendon to the anatomic footprint. Therefore, knowledge of the footprint dimensions (ie, superior-to-inferior dimension along the lateral lip of the bicipital groove) and relationship to nearby structures is crucial for anatomic repair and reconstruction of the PM tendon.

We are aware of 17 previous studies examining the PM insertional anatomy ([Table II](#tbl2){ref-type="table"}). Among these studies, the weighted average footprint width (ie, superior-to-inferior dimension) was 6.3 cm (range, 4.4-8.8 cm).[@bib2], [@bib20], [@bib21], [@bib22], [@bib25], [@bib28], [@bib3], [@bib31], [@bib39], [@bib4]^,^[@bib6]^,^[@bib9]^,^[@bib10]^,^[@bib12]^,^[@bib16], [@bib17], [@bib18]^,^[@bib20], [@bib21], [@bib22]^,^[@bib25]^,^[@bib28]^,^[@bib31]^,^[@bib39] These findings correlate well with our data. Although not formally assessed in the current study, the PM tendon thickness (ie, anterior-to-posterior dimension) has been found to be approximately 1-3 mm.[@bib3]^,^[@bib4]^,^[@bib6]^,^[@bib10]^,^[@bib18] The largest variation of measurement between studies relates to the tendon length (medial-to-lateral dimension), ranges between 0.6 and 5.4 cm ([Table II](#tbl2){ref-type="table"}).[@bib2]^,^[@bib9]^,^[@bib10]^,^[@bib18]^,^[@bib21]^,^[@bib25]^,^[@bib39] Only 1 study has measured the PM tendon footprint area ([Table II](#tbl2){ref-type="table"}).[@bib28] Also not formally assessed in the current study, fusion of the bilaminar PM tendon before insertion onto the humerus was found to be variable between specimens ([Fig. 2](#fig2){ref-type="fig"}).

To our knowledge, only 2 previous studies have attempted to identify consistent anatomic landmarks that can be used intraoperatively to achieve anatomic repair of the PM tendon. Using 12 cadaveric shoulders (6 matched pairs), Carey and Owens used the superomedial corner of the greater tuberosity as a reference point to determine the location of the superior PM tendon insertion along the lateral lip of the bicipital groove.[@bib3] These authors found that the superior PM tendon insertion was 42.2 ± 8.5 mm below the superomedial corner of the greater tuberosity. Although easily identified in the laboratory setting, this bony landmark may not be readily accessible intraoperatively when using an axillary or modified deltopectoral incision (ie, lower two-thirds of the standard deltopectoral incision) to address PM tendon pathology. Dannenbaum et al[@bib6] evaluated 12 cadaveric shoulders to define the anatomic relationships between the PM insertion and the articular margin of the humeral head and the LD tendon insertion. These authors revealed that, on average, the superior margin of the PM tendon was within 1 mm of the LD insertion and 41.2 mm from the articular margin of the humeral head. However, in the current anatomic study, only 4 of 21 shoulders (19.0%) revealed a similar relationship between the superior margins of the PM and LD tendon insertions (ie, top of the PM tendon insertion within 2 mm of the LD insertion). In addition, we did not find that the articular margin of the humeral head would be a reliable intraoperative landmark during repair or reconstruction of the PM tendon and similarly found that identification of the superior aspect of the LD tendon would require unnecessary surgical dissection during repair or reconstruction of the PM tendon. In an evaluation of the deltoid insertion in 36 cadaveric shoulders, Klepps et al[@bib19] found that the PM tendon inserted onto the humerus a mean of 4.7 cm proximal to the insertion of the deltoid, which was similar to the measurements obtained in the current study (48 mm). We therefore recommend considering this landmark to define the superior margin of the PM tendon footprint along the lateral lip of the bicipital groove.

Another aim of the current study was to define a consistent bony landmark that could be used to consistently define the superior margin of the PM footprint during repair and reconstruction procedures. Although we did not find that the LT or coracoid tip were useful bony landmarks, we did discover that in the majority of specimens (ie, greater than 80%), a bony prominence was present and palpable with a gloved finger at the most superior margin of the intact PM tendon insertion. We have referred to this prominence as the pectoral eminence. This eminence, along with the AD and LD (if readily accessible) tendon insertions, can be used to help determine the upper margin of the PM tendon footprint during repair or reconstruction.

Our last aim of the study was to provide a summary of musculoskeletal[@bib3]^,^[@bib6]^,^[@bib7]^,^[@bib9]^,^[@bib12]^,^[@bib13]^,^[@bib15], [@bib16], [@bib17]^,^[@bib19]^,^[@bib22]^,^[@bib28]^,^[@bib29]^,^[@bib32]^,^[@bib38] and neurovascular[@bib14]^,^[@bib18]^,^[@bib20]^,^[@bib23]^,^[@bib27]^,^[@bib28]^,^[@bib30]^,^[@bib33], [@bib34], [@bib35], [@bib36], [@bib37] relationships to the PM tendon. Of the musculoskeletal landmarks, an additional intraoperative landmark for consideration during repair or reconstruction of the PM tendon includes the musculotendinous junction of the biceps brachii (weighted mean, 2.5 cm below the top of the PM tendon) ([Table III](#tbl3){ref-type="table"}).[@bib7]^,^[@bib17]^,^[@bib22] The neurovascular structures summarized in [Table IV](#tbl4){ref-type="table"} do not provide a distinct intraoperative landmark during repair or reconstruction of the PM tendon, but rather provide knowledge of the "safe zone" when performing these procedures. Specifically, understanding the proximity of the axillary nerve as the most vulnerable structure is critical to safely repair or reconstruct the PM tendon ([Table IV](#tbl4){ref-type="table"}).[@bib23]^,^[@bib28]^,^[@bib36]

This study is subject to several limitations, commonly observed in cadaveric studies. Shoulder dissections and measurements were performed on a relatively low number of shoulder specimens and by 1 surgeon only, which could affect the generalizability of the results. However, the consistency of measurements between this study and most of the previously published studies on PM tendon insertional anatomy represents substantial strengths of this study. Another limitation includes the low number of female specimens, which prevented subgroup analysis and our ability to generalize the results to the female population; however, injury to PM tendon occurs most often in males and therefore represents a small limitation of the current study. Anatomic differences that may be based on ethnicity were also not assessed in this study. Additional strengths of our study are the identification of soft tissue and bony anatomic landmarks that can be used to reliably define the PM tendon insertion. The measurements recorded in this study were not influenced by specimen position, which is a common limitation in other studies that use forequarter cadaveric specimens. Lastly, further clinical studies are required: (1) to assess the clinical outcomes comparing anatomic and nonanatomic repair or reconstruction of the PM tendon; (2) to better define the pectoral eminence and lateral lip of the bicipital groove (ie, pectoral tuberosity) and its relationship with the PM insertion and the deltoid tuberosity inferiorly; and (3) to further elucidate whether a relationship exists between patient height and PM tendon width using a larger sample of specimens.

Conclusion {#sec4}
==========

The pectoralis major tendon has a broad insertion along the lateral lip of the bicipital groove (tendon width, 68.8 ± 4.4 mm). The width of the PM tendon insertion does not seem to be influenced by patient height; however, this requires further investigation. The latissimus dorsi and anterior deltoid tendon insertions represent reliable landmarks for identifying the superior extent of the pectoralis tendon along its bony footprint, inserting 9.4 mm below and 48.4 mm above these landmarks, respectively. When present, the pectoral eminence can also be used as an additional reference point to facilitate anatomic restoration of the pectoralis tendon during repair and reconstruction. Surgeons should be familiar with the proximity of nearby neurovascular structures when performing PM repairs.
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==========
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[^1]: *SD*, standard deviation; *w*, width of pectoralis major tendon insertion (ie, superior-to-inferior dimension); *ad*, distance between the superior margin of the pectoralis major tendon insertion and the anterior deltoid tendon insertion; *ld*, distance between the superior margin of the pectoralis major tendon insertion and the superior margin of the latissimus tendon insertion.

[^2]: *M*, male; *F*, female; *R*, right; *L*, left; *MRI*, magnetic resonance imaging; *AL*, anterior lamina; *PL*, posterior lamina; *3D*, 3-dimensional.

[^3]: Clavicular portion of the pectoralis major tendon.

[^4]: 95% confidence interval.

[^5]: *PMT*, pectoralis major tendon; *CT*, computed tomography; *HH*, humeral head; *CI*, confidence interval; *LHB*, long head biceps; *MTJ*, myotendinous junction; *LD*, latissimus dorsi.

[^6]: Superomedial aspect of the greater tuberosity to the superior border of PMT.

[^7]: *PMT*, pectoralis major tendon; *MPN*, medial pectoral nerve; *CI*, confidence interval; *LPN*, lateral pectoral nerve; *NV*, neurovascular; *PM*, pectoralis major; *CT*, computed tomography; *Br.*, branch.

[^8]: Point of intersection between the vertical line at the junction between the medial one-third and lateral two-thirds of the clavicle and the horizontal line perpendicular to the midsternal line at the inferiormost level of the jugular notch.

[^9]: Distance between the lower border of the PMT and the axillary nerve.
